Rate-dependent left bundle branch block during general anaesthesia is rare. Its occurrence makes electrocardiographic diagnosis of acute myocardial ischaemia or infarction difficult. It can also be confused with a slow rate ventricular tachycardia. We present a case of rate-dependent left bundle branch block in a patient with no previous history of ischaemic heart disease. Carotid sinus massage resulted in a decrease in heart rate and reversion to normal sinus rhythm.
Rate-dependent left bundle branch block refers to a transient left bundle branch block associated with an increase in heart rate. Its development during anaesthesia, however, is rare. Only two cases have been reported previously, both in patients with known coronary artery disease 1, 2 . We report a case of rate-dependent left bundle branch block developing during general anaesthesia in a patient with no prior history of myocardial ischaemia.
CASE HISTORY
A 62-year-old woman suffering from cholelithiasis and cholecystitis was scheduled for open cholecystectomy. On preanaesthetic assessment there was no significant finding except for mild obesity and untreated mild hypertension (150/92 mmHg). She had no history of coronary artery disease. Preoperative laboratory studies including a full blood count, blood sugar, blood urea, serum creatinine, serum electrolytes and liver function tests were within normal limits. The electrocardiogram (ECG) revealed normal sinus rhythm at a rate of 78 bpm and left axis deviation, with no other abnormality.
Her initial ECG in the operating room showed sinus rhythm with a rate of 76 bpm and her blood pressure was 140/90 mmHg. She was given morphine 0.1 mg/kg and midazolam 0.02 mg/kg intravenously. After preoxygenation, anaesthesia was induced with thiopentone 250 mg. Vecuronium 0.1 mg/kg IV was used to facilitate tracheal intubation and lignocaine 1.5 mg/kg was given 90 seconds prior to intubation to attenuate haemodynamic responses to laryngoscopy. Anaesthesia was maintained with 50 percent oxygen in N 2 O, and isoflurane in a concentration of 0.5-1%. After intubation her heart rate rose suddenly to 98 bpm with a left bundle branch block pattern noted on the ECG monitor. This was not associated with any significant change in blood pressure. Since there was no increase in blood pressure or other signs to suggest an inadequate depth of anaesthesia, further supplementation using opioids or inhalational agents was not required. At this time, the possible diagnoses included rate-dependent left bundle branch block, new onset myocardial infarction or ischaemia, or slow rate ventricular tachycardia. In the absence of preexisting complaints of coronary artery disease, and observing the expected morphology of left bundle branch block (along with the ST-T changes), the diagnosis of rate-dependent left bundle branch block was considered first. Thus, it was decided to attempt to decrease her heart rate and assess the response. Carotid sinus massage was performed for a total of 10 to 15 seconds, alternating between the two sides while arranging for the administration of esmolol or meto-prolol. This resulted in her heart rate reverting to sinus rhythm with a rate of 80 bpm; therefore the administration of pharmacological agents to reduce her heart rate was not necessary. There were no ST segment or T wave ECG changes once the rhythm reverted to normal. By exclusion, a diagnosis of ratedependent left bundle branch block was made. During the remainder of the case, her rhythm continued to vary between left bundle branch block pattern and normal sinus rhythm with transition occurring consistently at a heart rate of 80 to 84 bpm. The change in conduction was not triggered by changes in blood pressure. During periods of rate-dependent left bundle branch block her blood pressure remained stable. No other ECG changes were observed.
At the end of surgery, neostigmine 0.05 mg/kg and atropine 0.02 mg/kg were used to reverse neuromuscular blockade. During extubation the heart rate rose to 90 bpm and triggered a transient left bundle branch block. In the recovery room, her ECG showed sinus rhythm at 78 bpm, unchanged from her preoperative ECG. The patient had no complaint of chest pain. Whenever her heart rate exceeded 80-84 bpm her ECG again showed a left bundle branch block pattern.
Postoperatively her cardiac enzymes were normal and she remained asymptomatic. Dobutamine stress echocardiography was negative for myocardial ischaemia. Coronary angiography was not performed since the patient was asymptomatic. She recovered uneventfully and was discharged with the diagnosis of rate-dependent left bundle branch block with further follow up by a cardiologist.
DISCUSSION
Left bundle branch block is an abnormality of major clinical importance. Although not always associated with coronary artery disease, once it develops it signifies an increased incidence of developing overt cardiovascular disease. It is commonly seen in patients with coronary artery disease, hypertension, aortic valve disease and cardiomyopathies 3 . The prognosis for isolated left bundle branch block in young otherwise healthy adults is usually benign, but in older patients it may signify a progressive degeneration of ventricular myocardium [4] [5] [6] . Transient bundle branch block is defined as an intraventricular conduction defect that subsequently returns, if only temporarily, to normal conduction 7 . The mechanism of transient bundle branch block is unclear but may be a result of anatomic or physiologic interruptions of a conducting bundle from ventricular enlargement and strain with dilation of the appropriate chamber, and from neurogenic or functional depression with or without underlying pathologic lesions of the conducting tissues 8 . Transient bundle branch block caused by increases in heart rate is referred to as ratedependent left bundle branch block. It occurs whenever the heart rate exceeds a certain critical value 9 . Bauer has pointed out that this transition from normal to abnormal intraventricular conduction may be related to alterations of heart rate of only one or two beats per minute 8 .
The onset of rate-dependent left bundle branch block is sudden in most patients 10 and once initiated, it persists until the heart rate is slower than that which triggered it. This critical rate is also dependent on the rate of change in heart rate 1 . With rapid increases in heart rate, the bundle branch block appears at lower rates. If it decelerates rapidly, normal conduction appears at higher rates. Patients with rate-dependent left bundle branch block have prolonged bundle branch refractory periods, which do not decrease normally with faster heart rates 7 . As the rate accelerates, the RR interval shortens and the descending impulse finds one of the bundle branches still in its refractory period 7 . Slowing of the heart rate allows descending impulses to arrive after the refractory period of the entire conduction system, and normal conduction is resumed.
In most patients, rate-dependent, as with fixed left bundle branch block, occurs in patients with hypertension or coronary artery disease. However, a case series of patients with left bundle branch block having no evidence of heart disease also exists 11 . Ratedependent left bundle branch block may be associated with atypical chest pain, possibly related to the paradoxical cardiac movement occurring at onset of left bundle branch block, and not due to myocardial ischaemia 12 . An acute onset left bundle branch block can cause deterioration in ventricular filling and changes in systolic compliance 13 .
There are other pitfalls in the diagnosis of ratedependent left bundle branch block apart from its rare occurrence. Transient left bundle branch block may occur during an acute myocardial infarction, but diagnosing myocardial infarction in the presence of left bundle branch block is often difficult 14 . This is because altered patterns of ventricular conduction encountered in patients with left bundle branch block may conceal the ECG abnormalities associated with ischaemic heart disease. An anaesthetized patient unable to complain of chest pain following ischaemia further confounds the diagnosis of myocardial infarction in these settings.
The criteria for the diagnosis of acute myocardial infarction in the presence of left bundle branch block 15 are (1) ST segment elevation 1 mm concordant with the QRS complex (score of 5); (2) ST segment depression 1 mm in leads V1, V2 or V3 (score of 3) and (3) ST segment elevation 5 mm discordant with the QRS complex (score of 2). A total score of three or more suggests that the patient is experiencing an acute infarction. In our patient, the ECG changes associated with heart rate decrease, along with observing the expected morphology, confirmed the diagnosis of rate-dependent left bundle branch block, and ruled out acute myocardial infarction (AMI). The ability to correctly and quickly interpret the ECG in such complicated patients directly influences patient management. It has been suggested that the outcome of patients with left bundle branch block and acute myocardial infarction is significantly improved by acute reperfusion therapies 16 . It is thus important to be aware of the ECG changes that may indicate acute myocardial infarction when the ECG is complicated by the presence of left bundle branch block. It is also worth noting that the ST-T wave changes associated with left bundle branch block itself may mimic changes of myocardial ischaemia 16 . In uncomplicated left bundle branch block, the abnormal ventricular activation moves from right to left producing a broad, mainly negative QS or rS complex in V1. In lead V6, a positive, monophasic R wave is noted and similar patterns are noted in leads I and aVL. The expected ST changes are in the opposite direction to the QRS complex (termed discordance), meaning any complex where the QRS is positive it is normally associated with an ST segment that is negative and vice versa. As a result, leads with QS or rS complexes (negative) may have markedly elevated ST segment and vaulting T waves mimicking acute myocardial infarction, and leads with a large monophasic R wave demonstrate ST segment depression. In addition, rate-dependent left bundle branch block may be misdiagnosed for a slow rate ventricular tachycardia if the P waves are not easily discernable.
A clear understanding of the differences between rate-dependent left bundle branch block and left bundle branch block associated with myocardial ischaemia or infarction may avoid unnecessary investigations or ICU admissions. Observing the expected morphology of left bundle branch block, a clinically applicable and convenient method to diagnose the rate dependence is to decrease the heart rate and observe the effect on the ECG. Various physiologic manipulations such as carotid massage and deep inspiration, and pharmacological agents like esmolol 17 , metoprolol 3 , propranolol, neostigmine and edrophonium result in slowing the heart rate and thus changing aberrant conduction back to normal 18 with AV nodal disease. Provocative tests such as when using atropine to cause tachycardia and induce ratedependent left bundle branch block can cause dysrhythmia or precipitate myocardial ischaemia. Carotid sinus massage is a simple physiologic manipulation that may be successful in reducing heart rate and revealing a diagnosis of rate-dependent left bundle branch block 1, 17 , but it is not advisable in patients with carotid artery disease or cerebrovascular disease. Thus, observation of changes in conduction occurring spontaneously with changes in heart rate 1 should suggest the diagnosis of ratedependent left bundle branch block initially.
In conclusion, rate-dependent left bundle branch block occurring under general anaesthesia is a rare event. Its development at any stage may be associated with a higher incidence of major cardiac events. Rate-dependent block offers a diagnostic challenge to the anaesthetist or perioperative physician, and knowledge of the pitfalls associated in its diagnosis and management is necessary for correct management of the patient.
